Effects of nutritional copper deficiency on the biomechanical properties of bone and arterial elastin metabolism in the chick.
Increased bone fragility was observed in chickens fed diets containing less than 1 ppm copper. Using a device that was designed to measure torsion during fracture, it could be demonstrated that bone from copper-deficient chicks fractured with less deformation and torque than bone from control chicks. The collagen of bone from copper-deficient chicks appeared to contain fewer cross-links than normal bone. The introduction of artificial cross-links into collagen from copper-deficient chick bone by formaldehyde and NaBH4 treatments improved bone strength and strain (deformation) so that it was comparable with normal bone. Copper deficiency blocks the formation of cross-links in collagens and elastin from various tissues. It is felt that the bone fragility related to nutritional copper deficiency is the result of decreased bone collagen cross linking. Arterial elastin metabolism was also investigated. By radioactively labeling arterial soluble elastin (tropoelastin) in vivo by an intraperitoneal injection of [G-3H]valine, it could be demonstrated that copper deficiency appeared to reduce its rate of metabolic turnover. Soluble elastin or tropoelastin is assumed to be the precursor of mature or insoluble elastin. The observations presented here are consistent with the view that by retarding the steps associated with elastin cross-link formation, the incorporation of soluble elastin into mature elastin may be retarded as well.